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(71) We, E. I. DU PONT DE 
NEMOURS AND COMPANY, a corporation 
organized and existing under the laws of the 
State of Delaware, located at Wilmington, 
5 State of Delaware, United States of America, 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, to 
be particularly described in and by the follow- 

10 ing statement: — 

This invention relates to catalytic compounds 
and in particular to compounds having a 
perovskite crystal structure. Considerable effort 
has been expended in recent years in the de- 

15 velopment of improved heterogeneous catalysts 
for chemical reactions, particularly for the par- 
tial or complete oxidation of volatile carbon 
compounds in air and for the reduction of 
nitrogen oxides to nitrogen by hydrogen, car- 

20 bon monoxide, and other carbon compounds. 
Such efforts have been directed not only to- 
ward the development of more effective cata- 
lysts for use in the manufacture of organic 
chemicals and for the reduction of atmospheric 

25 pollution by industrial processes involving the 
manufacture and use of nitric acid, but have 
also been directed toward the reduction of 
atmospheric pollution by exhaust gases from 
internal combustion engines. 

30 Among the catalytic compositions which 
have been proposed for reducing the concen- 
tration of nitrogen oxides in off gases for nitric 
acid plants and exhaust gases of internal com- 
bustion engines are such platinum metals as 

35 platinum, palladium, rhodium, and ruthenium 
and the oxides of such metals of the first tran- 
sition series of the periodic table as iron, 
cobalt, and nickel and of such rare earth metals 



as lanthanum, neodynium, and praseodynium. 

Many materials have been suggested as cata- 40 
lysts for the oxidation of carbon monoxide, 
hydrocarbons and partial oxidation of pro- 
ducts of hydrocarbons in the exhaust gases of 
internal combustion engines, including the 
oxides, cerates, chromates, chromites, man- 45 
ganates, manganites, molybdates, tungstates, 
carbonates, stannates, ferrites, and vanadates 
of such metals as iron, cobalt, nickel, zinc, 
palladium, platinum, ruthenium, rhodium, 
manganese, chromium, copper, cadmium, sil- .50 
ver, calcium, barium, mercury, tin, lead, 
molybdenum, tungsten, and the rare earths and 
mixtures of these compounds and such precious 
metals as ruthenium, rhodium, palladium and 
platinum. 55 

Also among the catalysts proposed for the 
reduction of nitrogen oxide, the oxidation of 
carbon monoxide and hydrocarbons, and other 
reactions involved in the purification of auto- 
motive exhaust gases are a group of metal 60 
oxides of the perovskite crystal type. For ex- 
ample, lanthanum cobaltite, neodymium 
cobaltite, dysprosium cobaltite, and a similar 
cobaltite containing a mixture of ions of rare 
earth metals have been shown to be effective 65 
heterogeneous catalysts for the hydrogenation 
and hydrogenolysis of cis - 2 - butene and 
these materials and similar perovskite metal 
oxides doped with metal ions having other 
valences (e.g., Sr 0 . 2 La 0 . 8 Co0 3 ) have been con- 70 
sidered for use as automotive exhaust oxidation 
catalysts. 

While the rare earth cobaltites and other 
perovskite compositions have advantages over 
the earlier catalytic materials, there is still a 75 
need for catalytic compositions which optimize 
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catalytic perforrnance. It is reported that the 
catalytic activity of the platinum metals in 
oxidation processes is greatly reduced by a 
long-time exposure to high temperatures, 
5 apparently because of changes in particle size 
and crystal structure or because of the forma- 
tion of volatile oxides. Other proposed cata- 
lysts are effective only at high temperatures 
that require catalyst supports and enclosures 
in made of materials which are scarce and difficult 
to fabricate. It has also been reported that 
some of the proposed catalysts for the reduc- 
tion of nitrogen oxides, such as platinum and 
palladium catalysts^ promote the formation of 
15 undesirably large amounts of ammonia instead 
of nitrogen from nitrogen oxides when the re- 
ducing agent is hydrogen. Siniilarly, some cata- 
lysts promote the formation of undesirably 
large amounts of intermediate oxidation pro- 
20 ducts in the oxidation of hydrocarbons instead 
of promoting complete oxidation to carbon 
dioxide and water. Other catalysts, including 
the platinum metals and some of the transi- 
tion and rare earth metal oxides, are reported 
25 to lose their catalytic activity upon exposure 
to alternately oxidizing and reducing environ- 
ments such as can be produced by industrial 
processes and internal combustion engines 
operating under frequently changing condi- 
30 tions. Still other proposed catalysts have re- 
duced catalytic activity after exposure to nor- 
mally non-reactive components of gas mixtures. 
For example, the transition and rare earth 
metal oxides are reported to have reduced 
35 activity as catalysts for the oxidation of carbon 
monoxide and hydrocarbons in the presence of 
water and the platinum metal catalysts lose 
their catalytic activity upon exposure to in- 
ternal combustion engine exhaust gases con- 
40 taming compounds of lead, sulfur, phosphorus, 
chlorine and other materials derived from 
additives conventionally employed in auto- 
motive fuels and lubricants. 

Thus' there is a need for catalysts which are 
45 low in cost, selective in promoting desired 
oxidation and/or reduction reactions at rela- 
tively low temperatures, active for long periods 
at the temperatures involved and in the pre- 
sence of the materials incidental to these reac- 
50 tions, simple to prepare in suitable forms hav- 
ing high catalytic activity, and active at rela- 
tively low surface areas per unit weight of cata- 
lytic material. 
The present invention comprises a catalytic 
cc compound having the general formula AB0 3 
and a perovstdte crystal structure in which A 
and B are metal cations wherein the Type A 
cation sites are substantially fully occupied by 
ions of one metal having an atomic num- 
An ber of 11 to 51, 55 to 71, or 89 to 103 ; where- 
° in from 1% to 20% of the Type B cation sites 
are occupied by ions of at least one. platinum 
group metal selected from ruthenium, osmium, 
rhodium, iridium, palladium, and platinum; 
6 5 and wherein the remainder of the Type B 



cation sites are occupied by ions of at least one 
non-platinum group metal having an ionic 
radius between 0.4 and 1.4 Angstroms charac- 
terized in that the Type B cation sites ex- 
hibit one of the following characteristics: 70 



(A) at least 5% of the non-platinum group 
metal sites of Type B are occupied, by 
ions of a metal of various valence m a 
first valence and at least 5% of the non- 75 
platinum group metal sites of Type B are 
occupied by ions of the same metal of 
variable valence in a second valence; 

(B) substantially ail of the non-platinum 80 
group B site metals are present in a single 
valence and a major portion of the non- 
platinum group B site metals have a 
valence of 3, 

and provided that when the Type A cation is 85 
barium and the platinum group metal is plati- 
num, no more than 80% ot the type B cation 
sites are occupied by titanium. 

These metal oxide compounds are especially 
useful as catalysts for the oxidation of carbon . 90 
monoxide and gaseous hydrocarbons and for 
the reduction of nitrogen oxides under con- 
ditions typical of those involved in the cleanup 
of the exhaust gases from internal combustion 
engines. . . 95 

The catalytic compounds of this invention 
are metal oxides of the general empirical for- 
mula ABO3 and having a perovskite crystal 
structure, containing substantially equal num- 
bers of cations of two different metals, occupy- 100 
ing the Type A cation sites and the Type B 
cation sites in wMch there is substantially only 
one metal in the A cation sites and there are 
at least two different metals in the B cation 
sites. When in the ideal perovskite structure, 105 
such oxides contain cations of appropriate 
relative sizes and coordination properties and 
have cubic crystalline forms in which the cor- 
ners of the unit cubes are occupied by the 
larger A site cations (each coordinated with HO 
twelve oxygen atoms), the centers of the cubes 
are occupied by the smaller B site cations (each 
coordinated with six oxygen atoms), and the 
faces of the cubes are occupied by oxygen 
atoms. Many variations and distortions of this 115 
fundamental cubic crystal structure are known 
among materials commonly considered to be 
perovskite or perovskite-like. Among the terms 
which have been used to describe variations of 
the cubic crystal structure of perovskite and 120 
perovskite-like metal oxides are rhombo- 
hedral, orthorhombic, pseudocubic, tetragonal, 
and pseudotetragonal. 

In addition to the requirement that the total 
number of A site cations should equal the total 125 
number of B site cations, it is also required 
that the combined charge of the cations should 
equal the charge on the oxygen atoms. 

The particular non-platinum B site metals 
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present in the metal oxide compounds of this 
invention along with any particular A site 
metal depend to some degree upon the radii of 
the metal cations. The importance of ionic 
5 radii in perovskite crystal structures has been 
discussed by many authors, e.g. by Krebs in 
"Fundamentals of Inorganic Crystal Chemis- 
try, McGraw Hill, London (1968), Assuming 
that the crystal structure is formed by the 
10 packing of spherical ions, there can be derived 
the relationship 

R A +Ro = tv / 2(R B +Ro) 

in which Ra, Rb> and* R 0 are the ionic radii of 
the A site metal, the B site metal, and the oxy- 

1 5 gen ions, respectively, and t is a tolerance fac- 
tor. Tetragonal perovskite crystal structures are 
usually obtained in simple ternary compounds 
when t is between about 0.9 and 1.0. Distorted 
perovskite-type structures usually result when 

20 i is between about 0.8 and 0.9. Perovskite-type 
structures can be obtained with wider de- 
partures from this idealized picture in the 
more complex compounds of the present in- 
vention, particularly when these compounds 

25 contain small proportions of ions having radii 
larger or smaller than would be accommodated 
with the tolerance factor t between 0.8 and 1.0. 
Ionic radii have been tabulated by Shannon 
and Prewitt, Acta. Cryst. B26 1046 (1970); 

30 B25 925 (1969). 

The compounds of this invention contain 
the ions of a metal in the A site having an 
atomic number 11 to 51, 55 to 71, and 89 to 
103. The A site metal ion in the present com- 

35 pounds can have valence of one, two or three 
in which the particular metal can exist in a 
perovskite crystal structure in combination with 
appropriate metal ions in the B site. Preferably 
a metal in valence one is cesium, rubidium, 

40 potassium, sodium, or silver and more prefer- 
ably it is potassium or sodium. Similarly, an A 
site metal having valence two is strontium or 
calcium. Likewise an A site metal having 
valence three preferably is lanthanum. 

45 From 1% to 20% of the B site cations of the 
present compounds are ions of at least one 
platinum group metal. Ruthenium, osmium, 
rhodium, and iridium are capable of occupying 
all of the Type B cation sites in perovskite 

50 crystal structures, but little additional catalytic 
benefit is achieved when more than 20% of 
the sites are occupied by these metals. Little 
catalytic benefit is realized by the inclusion of 
less than 1% of the platinum group metal ion. 

55 Palladium and platinum ions are larger than 
ruthenium, osmium, rhodium, and iridium ions 
and generally not more than about 10% of the 
Type B sites of crystalline oxides of the AB0 3 
type can be occupied by the ions of these 

60 metals with retention of a perovskite struc- 
ture. Palladium is typically divalent, rhodium 
is typically trivalent, ruthenium, iridium, and 
platinum are typically tetravalent, and osmium 



can have a valence of four, five, six, or seven 65 
in these compounds. Mixtures of the platinum 
group metals obtained by the partial refining 
of their ores are useful in these compounds. 

The metal oxides of this invention contain- 
ing ruthenium are particularly useful as 70 
catalysts for the reduction of nitrogen oxides. 
They generally catalyze the reduction of these 
oxides to innocuous compounds (e.g. nitrogen) 
instead of to ammonia. Such oxides contain- 
ing ruthenium are, in general, more stable 75 
than similar compounds containing osmium, 
possibly because of the lower volatility of 
ruthenium oxides, and are also preferred 
because of the generally greater toxicity of 
osmium compounds. Metal oxides containing gQ 
platinum and palladium are particularly useful 
as catalysts for the complete oxidation of 
carbon compounds to carbon dioxide. 

The non-platinum group metals which con- 
stitute from 80% to 99% of the B site metals 35 
in the present compounds can each be present 
in any amounts and have any valences which 
are consistent with the perovskite crystal struc- 
ture of the compounds. Thus they can have 
valences one to seven and can be from the 90 
periodic table groups 1A, IB, 2 A, 2B, 3 A,- 
3B, 4A; 4B, 5A; 5B, 6B, 7B," and" 8 or from 
the lanthanide and actinide rare earth metals. 

Thus the non-platinum group metals for the 
B site having valence one can be from groups 95 
1 A and IB. Preferably they are sodium, silver, 
or copper. The nonplatinum B site metals hav- 
ing valence two can be from groups IB, 2A, 
2B, 3B, 6B, 7B, and 8. Preferably they are 
magnesium, calcium, strontium, chromium, 100 
manganese, iron, cobalt, nickel, or copper. 
The non-platinum group B site metals having 
valence three can be from groups 3A, 3B, 4B, 
5 A, 5B, 6B, 7B, and 8 and the lanthanide and 
actinide rare earth metals. Preferably they are 105 
lanthanum, a lanthanide rare earth metal, alu- 
minum, titanium, vanadium, chromium, man- 
ganese, iron, cobalt, or nickel. The nonplati- 
num B site metals having valence four can be 
from groups 4A, 4B, 5B, 6B, 7B and 8. Prefer- HO 
ably they are titanium, vanadium, chromium, 
manganese, iron, cobalt, nickel, or rhenium. 
The non-platinum group B site metals having 
valence five can foe from groups 5A, 5B, 6B 
and 7B. Preferably they are selected from an- 115 
timony, niobium, tantalum, vanadium and 
rhenium. The non-platinum group B site metals 
having valence six and seven are preferably 
tungsten, molybdenum, or rhenium. 

The non-platinum group B site metals indi- 120 
cated to be preferred in the various valences 
one to seven are preferred because of one or 
more of the follownig reasons: 

(1) their ionic size, with correspondingly in- 
creased ease of formation and greater 125 

. stability of perovskite crystal structures; 

(2) their capability of existing in perovskite 
crystal structures in which they are in 
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more than one valence; 
(3) their generally high catalytic activity 
and/or selectivity in metal oxide com- 
pounds; 

5 (4) their greater abundance and correspond- 
ing generally lower cost; or 
(5) their stability in perovskite crystal struc- 
tures. 

Certain compounds of this invention con- 
10 tain non-platinum group B site metals having 
a single fixed valence. Such compounds have 
a major proportion (e.g. at least 50% and 
preferably 75% or more) of nonplatinum B 
site metals which are known in perovskite 
15 crystal structures primarily or only in one 
valence. The metals of this group are: 

valence 1: lithium, sodium, silver; 

valence 2: magnesium, calcium, strontium, 
barium, zinc, cadmium; 
20 valence 3: aluminum, gallium, indium, thal- 
lium, lanthanum, yttrium, and neo- 
dynium;. 

valence 4: zirconium, hafnium, thorium, ger- 
manium, tin; 
25 valence 5: antimony, tantalum; 
valence 6: tungsten. 

Preferably the non-platinum group metals 
of this class are sodium, magnesium, calcium, 
strontium, aluminum, tin, or antimony. These 

30 relatively abundant metals can be present in 
the compounds of this embodiment in ^ major 
proportions with relatively small reductions in 
the catalytic activity contributed to these com- 
pounds by other less readily available metals 

35 and therefore represent relatively inexpensive 
diluents in such compounds. Such compounds 
contain a valence three metal and especially 
aluminum as the principal nonplatinum group 
metal. Aluminum is not only an inexpensive 

40 diluent but also imparts to perovskite crystal 
structures a high degree of thermal stability 
and durability in catalytic applications. 

Another embodiment of this invention com- 
prises compounds wherein a major proportion 

45 (e.g. at least 50% and preferably more than 
75%) of the non-platinum group B site metals 
exhibit a variable valence, that is, metals which 
are known to exist in a first valence in one 
perovskite compound and in a second valence in 

50 a second perovskite compound. Preferably the 
compounds of this embodiment contain two or 
more variable valence metals'. Such metals 
known in perovskite crystal structures in two 
valences differing in increments of one or two 

55 valence units are: 

valences 1 and 2: copper; 
valences 2 and 3: scandium, samarium, ytter- 
bium; 
valences 2 and 4: lead; 
60 valences 2 3 3, and 4: chromium, manganese, 
iron, cobalt, nickel, and cerium; 



valences 3 and 4: titanium, praseodymium; 

valences 3, 4, and 5: vanadium; 

valences 3 and 5: bismuth, niobium; 

valences 4 and 6: molybdenum; 65 

valences 4, 5, and 6: rhenium and uranium. 

The compounds of this embodiment contain 
at least one such variable-valence non-platinum 
group metals, which occupies at least 5% of 
the non-platinum group B sites in one valence 70 
and at least 5% of non-platinum group B sites 
in another valence. Preferred variable-valence 
metals are transition metals which have atomic 
numbers from 22 to 29 inclusive, that is, tita- 
nium, vanadium, chromium, manganese, iron, 75 
cobalt, nickel, and copper. Particularly pre- 
ferred are iron, cobalt, and nickel. These 
metals are readily available and compounds 
containing them are capable of existing in 
perovskite crvstal structures in two or three 80 
valences differing by one valence unit- incre- 
ments. r . 

In one preferred embodiment of this inven- 
tion the non-platinum group Type B metals 
include at least one such metal in a single 35 
valence. - 

Those compounds in which at least one non- 
platinum B site metal is present in two valences 
constitute another preferred embodiment of 
this invention. Such metal oxides have in- 90 
creased activity as catalysts over similar com- 
pounds in which each of the component metals 
is present in only a single valence, possible be- 
cause of the enhanced electron mobility through 
their crystal structures resulting from the pre- 95 
sence of a variable-valence metal when at least 
5% of the nonplatinum B sites are occupied 
by°a variable- valence metal in a first valence 
and at least 5% of the nonplatinum B sites are 
occupied by the same metal in a second 100 
valence. The valences preferably differ by one 
unit but will differ by two units with some 
metals, such as lead and niobium. 

The present compounds which contain a 
single A site metal and at least one metal ion 105 
in the B site which can be in perovskite ays- 
tal structures in two or more valences permits 
easy adjustment of the valence balance of the 
compound. The amounts of differing valence 
forms of a compound can be adjusted so that no 
the total valence charge of the metals equals 
the total valence charge of the oxygen present. 
Examples of such balanced compounds mclude 



[La(III)][Td(III)o. 2 Cr(II)o.4Cr(in) 0 ^ 

Pd(II)o. 2 ]0 3 
[La(III)][Cu(n) 0 .3Co(III)o.4Co(IV)o.os 

V(IV) 0 . 2 Pt(IV)o.a 5 ]O3 
[Sr(II)] [Co(in)o. l Co(IV) A> . fi Nb(V) 0 . 1 

Ru(IV) 0 . 2 ]O 3 



115 
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Similarly, variable valence metals permit 
the formation of the perovskite crystal struc- 
ture when deficiencies of up to about 25% of 
a metal or oxygen might prevent the precise 
5 AB0 2 stoichiometric ratio. 

The compounds of this invention can be 
prepared by heating mixtures of metal oxides, 
hydroxides, metals, and/or metal salts for suf- 
ficient times at temperatures which permit 

10 spontaneous formation of the compounds. The 
mixtures of materials which are heated are pre- 
ferably finely subdivided and intimately mixed 
before heating and are thoroughly ground and 
mixed by any conventional techniques several 

1 5 times during the heating period, since the com- 
pounds are in many instances formed by atomic 
diffusion, without melting of any of the start- 
ing or potential intermediate materials, and 
are subject to coating of unreacted particles by 

20 reaction products. The heating times and tem- 
peratures required for the formation of sig- 
nificant amounts of these catalytic compounds 
depend upon the particular compositions being 
formed, the required times usually being 

25 shorter at higher temperatures. Temperatures 
above 900°C. are usually suitable for the for- 
mation of these compounds, using firing times 
of hours to days with occasional intermediate 
grinding and mixing, but temperatures of 

30 from 1000° to 1500° C. can also be used. 

In forming the compounds of this invention, 
stoichiometric mixtures of starting materials 
are preferably heated in air or other oxygen- 
containing gas mixture. 

35 The starting materials used in preparing the 
compounds of this invention by anhydrous 
processes can be any salts which are converted 
to oxides by prolonged heating in oxidizing 
atmospheres at the temperatures at which these 

40 compositions are formed. For example, they 
can be carbonates, salts of carboxylic acids 
such as acetates, oxalates, and tartrates; salts 
of the acids of sulfur such as sulfides, sulfites 
and sulfates; halogen acid salts which are con- 

45 verted to oxides without volatilization such as 
ruthenium chloride, strontium chlorate and 
barium perchlorate; and salts of the acids of 
nitrogen such as nitrates and nitrites. Prefer- 
ably they are carbonates, nitrates or sulfates. 

50 The presence of small amounts of the salts of 
other such acids in a mixture which is pre- 
dominately oxides or carbonates is usually not 
significantly deleterious since such salts are 
converted into oxides during heating to pre- 
55 pare these catalytic compositions. 

The compounds of this invention are pre- 
sumed to function as catalysts primarily at 
their surfaces, so compositions with large sur- 
face areas are preferred. The surface areas of 
60 compounds prepared by heating mixtures of 
materials can be increased by grinding^ and 
other conventional methods. Catalytically 
active compounds with surface areas between 
about 0.1 and 10 square meters per gram (de- 
65 termined by the well-known Brunauer-Emmett- 



Teller method) can be obtained. Compounds 
with surface areas greater than about one 
square meter per gram are preferred. The sur- 
face area of these compounds remains rela- 
tively unchanged during use by virtue of their 70 
compositional and structural stability at high 
temperatures. 

The compounds described herein can be 
used as catalysts in the form of free-flowing 
powders, for instance in fluid-bed reaction 75 
systems, or in the form of shaped structures 
providing efficient contact between the catalyst 
and the reactant gases. Such catalyst struc- 
tures can contain minor (e.g., less than 50%) 
or major (e.g., more than 50% to 98%) 80 
amounts of catalytically inert materials. These 
inert materials can be either porous or dense, 
with the catalytic compounds primarily on the 
surfaces thereof or more or less uniformly dis- 
persed throughout. For example, the powdered 85 
compounds can be formed into porous catalyst 
pellets in which they are dispersed throughout 
by conventional techniques employing pellet 
presses, rolling mixers, extruders, etc. Pre- 
ferably such pellets contain suitable dis- 90 
persants, lubricants, and/or binders. 

One particularly useful dispersant-bmder 
for use in forming extruded pellet catalyst 
structures containing the catalyst compositions 
described herein is a high-purity alpha alu- 95 
mina monohydrate sold by the Continental 
Oil Co. as "Dispal". This material is a white, 
free-flowing powder of small particle size 
formed of very nne*ultimate crystallites having 
a surface area of about 200 square meters per 100 
gram and a bulk density of 45 to 50 pounds 
per cubic foot. It forms thixotropic dispersions 
at concentrations of about 3% to 30% by 
weight in water containing about 4% to 6% 
by weight commercial concentrated (37% by 105 
weight HQ) hydrochloric acid based on the 
weight of alumina, which dispersions become 
thicker upon standing. Thick dispersions con- 
taining about 20 to 30 parts by weight of the 
alumina monohydrate and about 100 to 150 110 
parts by weight of acidified water per 100 
parts of a catalytic composition having a sur- 
face area of about two square meters per gram 
can be extruded through small orifices to ob- 
tain structures which retain their form when 115 
wet and have significant strength when dried of 
gross water and heated at 500°C. to 900°C. to 
remove at least a part of the water present in 
the alumina monohydrate. 

The compounds of this invention are pre- 120 
ferably employed as catalysts in the form of 
coatings on suitable refractory supports. Such 
supports can be in any convenient shape, in- 
cluding powders, granules, spheres, rings, tab- 
lets, pills, bars, tubes, extruded shapes, rolls, 125 
spirals, screens, beads, coils, and the more elab- 
orate shapes (e.g., corrugated and flat sheets, 
honeycombs, etc.) prepared by a variety of 
methods and recently available to the art. 

Suitable supports can be composed solely or 130 
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primarily of silica, of ceramic compositions 
having softening or melting temperatures above 
the temperatures involved in forming or coat- 
ing these catalytic compositions on such sup- 
5 ports, of natural silicious materials such as 
diatomaceous earths and pumice, as well as 
of alundum, gamma dumina, silicon carbide, 
titania, zirconia, and other such refractory 
materials. 

10 A particularly useful refractory support is 
an alumina ceramic described by Talsma in 
U.S. Patents 3,255,027; 2,338,995, and 
3,397,154. Such materials can be made by 
coating an aluminum foil fabricated into a 

1 5 shaped structure having the desired final con- 
figuration with a fluxing agent and firing to 
convert the aluminum into substantially pure 
alpha alumina. Suitable fluxing agents include 
alkali and alkaline earth metal oxides and com- 

20 pounds which yield such oxides on firing (e.g. 
sodium silicate) which serve to prevent in- 
hibition of oxidation of the aluminum due to 
oxide scum formation on the surface of the alu- 
minum. One such alumina contains, for ex- 

25 ample, small amounts of magnesium aluminate 
and aluminum silicate. As disclosed in the 
Talsma patents, honeycomb structures can be 
made by placing flux-coated corrugate sheets 
of aluminum together node-to-node and firing, 

30 Similar structures can be obtained by applying 
a composition containing aluminum powder, a 
binder, a fluxing agent, and a liquid carrier to a 
corrugated paper honeycomb structure and fir- 
ing in an oxidizing atmosphere to burn out the 

35 paper structure and oxidize the aluminum to 
alumina. Honeycomb structures of such alu- 
mina compositions can be purchased from the 
Industrial Chemicals Department, E. I. du 
Pont de Nemours & Company, under the trade 

40 name "Torvex". The preferred structures 
have nominal cell sizes 1/16 to 1/4 inch. 

The compounds can be applied to suitable 
supports in several ways. For example, they can 
be formed upon supports which are sufflciendy 

45 high melting and nonreactive by soaking the 
support structure in a solution of a suitable 
mixture of salts, drying, and firing the impreg- 
nated support to a temperature and for a time 
sufficient to form the catalytic structure. Alter- 

50 nately, the compounds can be preformed and 
applied to the support structure in a slurry 
which can optionally contain diluent materials 
which can also be catalytic materials. A par- 
ticularly useful dispersant-binder for use in 

55 such slurry-coating processes is the "Dispal" 
alpha alumina monohydrate described herein- 
above as a dispersant-binder useful in making 
extruded catalyst structures. Typically, 
acidified dispersions containing about 4% to 

60 10% alpha alumina hydrate and a comparable 
amount of the ground catalytic composition are 
prepared, pieces of the support material are 
coated with the dispersion* the coated pieces 
are dried, and the dried coated pieces are 

65 heated to a temperature and for a time (e.g., 



for 2 to 24 hours at 500°C. to 900° C.) to re- 
move at least a portion of the water from the 
alpha alumina, monohydrate. Other support 
materials and techniques for applying catalytic 
materials to supports, useful and effective with 70 
the compounds of this invention, are described 
by Sowards and Stiles in U.S. Patent 
3,518,206 and by Aarons in U.Sv Patent 
3,554,929. 

The metal oxides of the present invention 75 
are stable and durable at high temperatures and 
have been shown to catalyze the oxidation of 
hydrocarbons and carbon monoxide and also 
the reaction between nitrogen oxide (NO*) 
and carbon monoxide to give nitrogen and car- 80 
bon dioxide. They are not poisoned by the lead 
compounds present in the exhaust of internal 
combustion engines operated on leaded gaso- 
line. Accordingly, an important use of the cata- 
lysts of this invention is the removal of noxious 85 
components from the exhaust of internal com- 
bustion engines. For this purpose the cata- 
lysts are preferably supported on shaped alu- 
mina supports, although other supports inert 
to the exhaust gas at the operating temperature 90 
may be used. 

As formed by heating and grinding, the 
compounds of tie present invention are ob- 
tained in the form of a crystalline powder. Par- 
ticularly effective and durable catalysts for 95 
use in treating the exhaust gases of internal 
combustion engines operating with leaded fuels 
are obtained when this powder is supported on 
an alumina support, preferably the honeycomb- 
structured alumina supports sold under the 100 
trade name "Torvex" described hereinabove. 
The catalyst powder should be applied to the 
surface, together with a binder to affix the same 
to the support, in an amount sufficient to coat 
the entire surface, usually in an amount of from 105 
2 to 25% by weight of the support. 

The catalytic compounds of the present in- 
vention may be employed to catalyze other 
reactions similar to the reactions occurring in 
the purification of internal combustion engine no 
exhausts. For such applications, where lead 
compounds are absent, a wider variety of sup- 
port materials may be employed such as pellets 
or other shaped structures of mullite, cordierite 
and silica. 115 

This invention is further illustrated by the 
following specific examples. 

EXAMPLES 1—6. 
In Examples 1 — 6, metal oxides were pre- 
pared having the following nominal com- 120 
positions: 
Example 

1. [La] [Ti 0 . 2 Cr 0 ; 7 Pd 0 . 1 ]O 3 

2. [Nd][Cuo.25Cro^oCoo. 50 Ir 0 .o 5 ]0 3 

3. [Kl[Nbo. 9 Pt 0 a]0 3 125 

4. [SrlCTio.5Mno.4Pto.alOs 

5. [La] £Cu 0 . 30 Vo.2oCoo.43P t o.o 3 ]0 3 

6. [SrlECoo.7NbdRuo.2lO3 
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The oxides were prepared by mixing the in- 
gredients listed in Table I, grinding until 
homogeneous, and heating the mixtures in 
porcelain crucibles in air in a muffle furnace 
5 for the number of days and at the tempera- 
tures given in Table I with occasional regrind- 
ing and remixing. Each of the resulting com- 
positions was finally ground and passed 
through a 325-mesh Tyler standard sieve 

10 screen. The X-ray diffraction patterns of these 
metal oxides were consistent with the ex- 
pected perovskite structure, and showed sub- 
stantially complete incorporation of the start- 
ing material into the crystal structure, 

15 The partem for the compound of Example 

1 was similar to that of the perovskites 
LaCo0 3 , LaFe0 3 , [Sr 0 . 2 La 0 . 8 ] [Co]0 3 and 
[Sro.2Lao.3JtCro.3Ruo.OO3 with slightly dif- 
ferent d-spacings and no evidence of binary 

20 oxides. 

The pattern for the compound of Example 

2 was similar to that of the perovskite com- 
position [Sr 0 . 2 La 0 . 8 ] [CO0.0Rha.iJO3/ showing 
LaCo0 3 -type crystal structure with larger d- 

25 spacdngs and loss of line resolution. A trace 
(less than 0.2%) of an unidentified compo- 
nent and no evidence of binary metal oxides 
were observed. 

The pattern for the compound of Example 3 

30 was very similar to that of the perovskite 
KNb0 3 , (two crystal forms), possibly with a 
trace (less than 0.2%) of platinum in the 
metallic state. No evidence of binary metal 
oxides was found. 

35 The pattern for the compound of Example 

4 was similar to that of the perovskite SrTiO a , 
with possible traces (less than 0.2% ) of 
Sr 3 Ti 3 O 10 and of platinum in the metallic 
state. No evidence of binary metal oxides was 

40 found. 

The pattern for the compound of Example 

5 was similar to that of the perovskites 



LaCo0 3 , LaFe0 3 , [Sr 0 . 2 La 0 . a ] [Co]0 3 , and' 
[Sr 0 . 2 La u . 8 ][Cr 0 . f Ruo.,]O a , with slightly dif- 
ferent d-spacings and no evidence of binary 45 
metal oxides. 

The pattern for the compound of Example 
6 was similar to that of the perovskite LaCo0 3 
with shorter d-spacings, and traces (less than 
0.2%) of CoO and an unidentified component. 50 

The catalytic compositions were applied to 
supports for testing of their performance 
characteristics. One part of "Dispal" M alu- 
mina dispersant and binder (obtained from 
the Continental Oil Co.) was mixed with 17 55 
parts of water containing a few drops of com- 
mercial concentrated hydrochloric acid. To 
separate portions of such mixtures was added 
7.5 parts of each of the catalytic compositions 
described above to obtain a stable thixotropic 60 
slurry. Cylinders of "Torvex" alumina ceramic 
honeycomb with straight-through cells (ob- 
tained from E. I. du Pont de Nemours & Co.) 
were soaked in water. These cylinders weighed 
about 6 grams, were about 2.5 centimeters in 65 
diameter and thickness and nominally had a 
cell size of 1/16 inch, wall thickness of 0.018 . 
inch, open area of 50%, 253 hexagonal holes 
per square inch, and a nominal geometric sur- 
face area of 462 square feet per cubic foot. 70 
The water-soaked cylinders were dipped into 
the slurries of the catalytic compositions, the 
gross excess of slurry was removed by blowing 
the cylinders with air, the cylinders were dried, 
and the cylinders coated with the catalytic 1$ 
composition and binder were heated for about 
30 minutes in a muffle furnace at 650 — 900°C. 
The cooled supports were again dipped into 
the slurries, blown free of gross slurry, and 
dried and then heated for two hours or more 80 
in the muffle furnace at 650 — 900°C. The per- 
centage increases in weight of the supports due 
to the adherent catalytic compositions and 
binder are given in Table I. 
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containing 42.07% Rh) in water, adding 
slowly and with vigorous stirring a solution of 
94.1 grams of potassium carbonate (K 2 C0 3 ) 
in water to obtain a total volume of about two 

5 liters, separating the precipitated mixture of 
carbonates, drying at 120° C. under reduced 
pressure, grinding and mixing thoroughly and 
heating at 900° C for four days with occasional 
grinding. The resulting black composition was 

10 ground and was passed through a 3 25 -mesh 
screen sieve. The X-ray diffraction spectrum 
of this composition was similar to those of the 
perovskites LaNi0 3 and LaFeO., with shifts 
in the line spacings and no evidence of binary 

15 metal oxides. 



The general procedure of Example 1 was 
used to apply the above described catalytic 
composition [La] [Fe^NiccRh^lOa to cylin- 
ders of "Torvex" alumina ceramix honeycomb. 
The dry coated cylinders weighed 17.4% more 20 
than the dry uncoated cylinders. 

The catalytic activity of this composition in 
the reduction of nitric oxide by carbon mon- 
oxide, the oxidation of carbon monoxide, the 
oxidation of propane, determined by the pro- 25 
cedures described in Example 1 before and 
after heating the composition on its supports 
for an additional 100 hours at about 900°C, is 
indicated by the data in Table III. 



TABLE III 



Catalytic Activity 



Hours at 900°C: 0 100 



Reduction of Nitric Oxide 






"Light-off ' temp.,-°C 


305 


375 


25% conversion temp., °C 


345 


420 


50% conversion temp., °C 


38 5 


470 


90% conversion temp., °C 


500 


580 


Oxidation of Carbon Monoxide 






"Light-off" temp., °C 


230 


270 


25% conversion temp.,-°C 


255 


280 


50% conversion temp., °C 


280 


295 


90% conversion temp., °C 


320 


320 


Oxidation of Propane 






"Light-off temp., °C 


. 405 


3 70 


25% conversion temp., °C 


440 


440 


50% conversion temp., °C 


540 


520 


90% conversion temp., °C 







40 



45 



EXAMPLES 8—14. 
In Examples 8 — 14, metal oxides were pre- 
pared having the following nominal composi- 



tions: 



35 Example 



8 
9. 

10. 

11. 

12. 

13. 

14. 



Composition 

[Ba] [Tao.aC00.7Ir0.xJO3 

[Ba][Ni o . 5 Mo 0 ,Pt 0 . 1 ]O 3 

[Ba] [Cr 0 .25Ni 0 .3 0 Mo 0 . 3 oRu 0 .i 5 ]0 3 

[Ba] [V 0 . 4 Mn 0 Jlh 0 . 1 ]O3 

[Ba] [Wo.iTi0.sPdo.JO3 

[Ba] [Co0.0Nbo.3Ru0.JO, 

[Ba][Ti o . o Ru 0 . 1 ]O 3 



The oxides were prepared by mixing the in- 
gredients listed in Table IV, grinding until 
homogeneous., and heating the mixtures in por- 
celain crucibles in air in a muffle furnace for 
the number of days and at the temperatures 
given in Table IV with occasional regrinding 
and remixing. Each of the resulting composi- 



tions was finally ground and passed through 50 
a 325-mesh Tyler standard sieve screen. The 
X-ray diffraction patterns of all of these metal 
oxides were consistent with the expected perov- 
skite structure, and showed substantially com- 
plete incorporation of the starting materials 55 
into the crystal structure. In addition none of 
the diffraction patterns showed any evidence 
of the presence of binary metal oxides. 

"A pattern for the compound of Example 8 
was similar to that of the perovskite 60 
[Ba] [Co 0 . 33 Ta 0 . 67 ]O 3 and of Ba 3 Ta 4 0 15 , with 
possible traces (less than 0.2%) of CoO and 
BaCo0 2 . 8 . 

The pattern for the compound of Example 9 
was similar to that of a high temperature form 65 
of the perovskite BaTi0 3 , with no evidence of 
binary metal oxides. 

The pattern for the compound of Example 
11 resembled that of BaMn0 3 , with major 
d-spacings lines unidentified and no evidence 70 
of binary metal oxides. 
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which A and B are metal cations, wherein the 
Type A cation sites are substantially fully 
occupied by ions of one metal having an atomic 
number of 11 to 51; 55 to 71, or 89 to 103; 
wherein from 1 to 20% of the Type B cation 
sites are occupied by ions of at least one 
platinum group metal selected from ruthenium, 
osmium, rhodium, iridium, palladium, and 
platinum; and wherein the remainder of the 
Type B cation sites are occupied by the ions of 
at least one non-platinum group metal having 
an ionic radius between 0.4 and 1.4 Angstroms; 
and wherein the Type B sites exhibit one of 
the following characteristics: 

(A) at least 5% of the non-platinum group 
metal sites of Type B are occupied by 
ions of a metal of variable valence in a 
first valence and at least 5% of the non- 
platinum group metal sites of Type B are 
occupied by ions of the same metal of 
variable valence in a second valence. 

(B) substantially all of the non-platinum group 
B site metals are present in a single 
valence and a major portion of the non- 
platinum group B site metals are present 
in a valence of 3; 

and provided that when the Type A cation 



is barium and the platinum group metal is 
platinum, no more than 80% of the Type B 
cation sites are occupied by titanium. 

2. A compound according to claim 1 in 
which the non-platinum group B site metal 
having a valence of 3 is aluminiurn. 

3. A compound according to claim 2 where- 
in at least 75% of the non-platinum group B 
sites are occupied by aluminium. 

4. A compound according to claim 1 m 
which the B site variable valence metal is a 
transition metal having an atomic number 
from 22 and 29. . . 

5. A compound according to claim 1 in 
which at least two variable valence non-plati- 
num group metals are present in the Type B 

Slt ? # Catalytic compounds according to claim 
1 substantially as described with reference to 
the Examples. 

7. A catalyst structure which comprises a 
catalyst compound as claimed in any one of 
the preceding claims supported on an alumina 
support. 

BROOKES & MARTIN, 
Chartered Patent Agents, 
High Holborn House, 
52/54 High Holborn, 
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